concentrated extract was used for measurement of PCBs, another sixth for that of organochlorine pesticides, and half for the gravimetric fat determination.
The MS and CS samples were extracted twice using an ether/hexane (3:1) mixture after addition of the quantitative standards. The resulting ether/hexane extract was dehydrated using sodium sulfuric anhydride and concentrated by evaporation (crude extract). A fourth the crude extract was used for measurement of PCBs, and another fourth for organochlorine pesticides.
Measurement of PCBs. After the crude extract was treated with 1 mol/L KOH/ethanol for 18 hr, it was extracted using hexane three times and was concentrated with nitrogen. The concentrate was then eluted through a silica gel 60 column (70-230 ASTM-mesh; Merck, Darmstadt, Germany) with 10 mL hexane, evaporated to a final volume of 0.1 mL, and analyzed after the addition of 13 C 12 -labeled PCB.
PCBs were quantitated by gas chromatography-mass spectrometry. Gas chromatography was performed using a Hewlett Packard HP6800 series equipped with a Article | Fukata et al.
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VOLUME 113 | NUMBER 3 | March 2005 • Environmental Health Perspectives ND  ND  440  770  1,600  CS  0  ------UC  45  1,970 ± 3,170*  ND  ND  ND  2,200  9,600  Endosulfan  MS  90  380 ± 267  ND  280  340  460  1,100  CS  0  ------UC  70  2,090 ± 2,440**  ND  ND  1,600  2,900  9,400  Heptachlor  MS  25  150 ± 272  ND  ND  ND  100  700  CS  0  -----UC  10  505 ± 1,620  ND  ND  ND  ND  6,500  Heptachlor epoxide  MS  100  142 ± 729  310  950  1,200  1,700  3,000  CS  95  1,580 ± 844  ND  1,100  1,500  1,900  3,400  UC  100 2,790 ± 1,280** ,## 160 2,000 2,700 3,500 6,000 evaporated with nitrogen. The concentrate was eluted through a Florisil column (1 g/6 cc, Sep-pak Vac Florisil; Waters, Milford, MA, USA) using 10 mL hexane, evaporated to a final volume of 0.1 mL, and analyzed after the addition of fluoranthene-d10. Organochlorine pesticides were quantitated by gas chromatography-mass spectrometry in the same manner as for PCBs, except that the column was a BPX-25 fused silica capillary column, 0.22 mm i.d. × 30 m with a 0.25-mm film thickness (SGE International Pty Ltd.). The column temperature was maintained at 60°C for 1 min, raised to 300°C at a rate of 10°C/min, and finally maintained at 300°C for 10 min.
Lipid contents. Lipid contents in the UC samples were determined gravimetrically, and lipid contents in MS and CS were determined enzymatically as the sum of the total cholesterol, triglycerides, and phospholipids.
Statistical analysis. The statistical analysis was performed using Microsoft Excel 2002 (Microsoft, Redmond, WA, USA). Cluster analysis was performed by the cosine correlation method using GeneMaths software (version 1.50; Applied Maths BVBA, Sint-MartensLatem, Belgium).
Results
Detection rate. Tables 1-4 show the concentration of organochlorine pesticides (Tables 1  and 2 ) and PCBs (Tables 3 and 4) in the three types of tissues (MS, CS, and UC). It became clear that human fetuses were contaminated with multiple chemicals in Japan. However, o,p´-DDE, o,p´-DDD, aldrin, endrin, and methoxychlor were not detected in any of the tissues in this study. Other chemicals were detected in MS and/or UC, but the detection rate was very low in the CS (Tables 1 and 2 ). In particular, cis-chlordane, endosulfan, p,p´-DDT, dieldrin, p,p´-DDD, and heptachlor were not detected in CS; however, both were detected in MS (detection rate > 70%) and UC. PCB congeners with five to seven chlorines were detected in all samples, whereas other congeners showed a relatively low detection rate in CS (Tables 3 and 4) .
Contamination levels. The highest concentrations found were p,p´-DDE, HCHs, and HCB in all three tissues both on a lipid basis (Table 1 ) and wet basis (Table 2) . Generally, the chemical concentrations on a wet basis were of the order MS > CS > UC. This is due to the difference in lipid content. Lipid content in MS, CS, and UC (20 complete samples) was 0.76 ± 0.13%, 0.23 ± 0.04%, and 0.11 ± 0.02%, respectively. Remarkably, the concentrations of some chemicals in UC on a wet basis, such as cis-chlordane and endosulfan, were almost equal to those in MS (Table 2) . On the other hand, on a lipid basis, the concentrations of the following chemicals in UC were nearly equal or often higher than in MS: HCHs, p,p´-DDT, cis-chlordane, trans-chlordane, endosulfan, and heptachlor epoxide (p < 0.001, paired t-test; Table 1 ). The chemical concentrations in CS were usually lower than in other tissues. PCB congeners grouped on the basis of their number of chlorines showed different patterns of distribution depending on the number of chlorines. TetraCB and pentaCB concentrations were higher in MS than in UC (p < 0.05, paired t-test), whereas hexaCB and heptaCB concentrations were higher in UC than in MS (p < 0.001, paired t-test) on a lipid basis (Table 3) ; particularly, heptaCBs and octaCBs showed a high UC:MS ratio. The UC:MS ratio varied according to the number of chlorines in the range of 3-8: UC < MS for congeners with 3-5 chlorines, and UC > MS for congeners with 6-8 chlorines (Table 3 ). The detection rates of congeners with 1 or 2 chlorines were higher in UC than in MS, whereas those with of 9 or 10 chlorines were higher in MS than in UC. The concentrations (average and median, on a lipid basis) of congeners with 9 or 10 chlorines were higher than those with 1 or 2 chlorines in MS, whereas concentrations of congeners with 1 or 2 chlorines were higher than those with 9 or 10 chlorines in UC. These facts suggest that the accumulation of PCBs in UC is different depending on the number of chlorines; PCB congeners with 1, 2, 6, 7 and 8 chlorines easily accumulate in UC compared with other congeners.
Association between the chemical concentrations among chemicals. We reported that correlation existed between total PCBs and other persistent chemicals, such as p,p´-DDE, HCB, and HCHs, in human UC (Mori et al. 2003) . To confirm our previous findings, we applied a cluster analysis technique in the present study. We used the cluster analysis to discover "natural" groupings of objects that reflect evolutionary or functional relationships among the objects; some of the cluster analyses often done in toxicogenomics research have this objective (Immermann and Huang 2003) . The cluster analysis was performed using cosine correlation matrix for chemical concentrations
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Environmental Health Perspectives • VOLUME 113 | NUMBER 3 | March 2005 in UC for UC, and the clustering results were represented in the dendrogram (Figure 1) . Consequently, we found that PCBs with 5-8 chlorines and some organochlorines, such as p,p´-DDE, HCB, and HCHs, were closely related to each other (Figure 1) . Association between the chemical concentrations among the three types of tissues. Correlation of organochlorine pesticide concentrations among the three types of tissues is shown in Table 5 . Some organochlorine pesticides showed no association between MS versus CS and/or between CS versus UC. Between MS versus CS, HCB, HCHs, heptachlor epoxide, and PCBs with chlorines showed a relatively high correlation coefficient (r > 0.7). Between CS versus UC, HCHs, p,p´-DDE, and PCBs with 5-8 chlorines showed relatively high correlation (r > 0.7). Comparing MS and UC, HCHs and PCBs with 4-7 chlorines showed a relatively high correlation coefficient (r > 0.7).
Association between the chemical concentrations in UC and maternal age. Several studies have reported that chemical concentrations were dependent upon maternal age at delivery (Mori et al. 2003; Rhainds et al. 1999) . Our present results confirmed that HCHs, pentaCBs, hexaCBs, heptaCBs, and octaCBs showed such correlation (Table 5) . A significant correlation was found between CS versus UC and age versus UC (r = 0.75; Table 5 ). Also, relatively significant correlation was found between MS versus UC and age versus UC (r = 0.64; Table 5 ). However, we found no correlation between MS versus CS and age versus UC (r = 0.04; Table 5 ). That is, HCHs, pentaCBs, hexaCBs, and heptaCBs tended to show relatively high association of concentrations in CS versus UC and MS versus UC. Also, these chemicals showed high correlation coefficients between the chemical concentrations in UC of first babies and maternal age.
Discussion
We investigated the distribution of organochlorine pesticides and PCBs in three types of tissues (UC, CS, and MS). We analyzed the chemical contamination status mainly on a lipid basis because the liposolubility rate is thought to be a major factor influenced by rates of accumulation and elimination from tissues and organs (Parham et al. 1997 ) and because the existing differences depend principally on lipid content of the tissues (Henriksen et al. 1998) . Several studies have reported that the concentration levels of persistent chemicals showed association between cord blood and maternal blood (Sala et al. 2001; Waliszewski et al. 2000; Walker et al. 2003) . In our study, we found strong correlation between MS versus CS (Table 5) in some organochlorine pesticides and PCB congeners. Also, Grandjean et al. (2001) showed high associations between cord blood and UC. The tendency was confirmed in our study of HCHs, p,p´-DDE, and some PCB congeners (Table 5 ). However, we found no report that compared the concentration levels among UC, CS, and MS. Hence, we compared the data among these three tissues.
In the present study, we found that the chemical concentrations were often higher in UC than in CS on a lipid basis, and the detection rates and the concentrations in CS were often lower than in MS and UC. In past studies, chemical concentrations were higher in adipose tissues than in serum (López-Carrillo et al, 1999; Pauwels et al. 2000) , and in other studies, concentrations were higher in serum lipid than in breast tissues (Waliszewski et al. 2003 (2000), the concentration levels of persistent chemicals varied dramatically depending on the tissues (Tables 1 and 3) . One of the reasons for the confusion may be the pharmacokinetics of chemicals in blood. Mohammed et al. (1990) and Norén et al. (1999) reported that chemicals in blood are bound to lipoproteins and albumin rather than being dissolved in lipid, and the distribution in plasma vary according to the chemicals. It is possible that a free form of chemicals is distributed by simple equilibrium, but distribution or transport of bound form of chemicals to protein in blood is more complicated, so the chemical concentration in CS might be lower than in MS and UC. Further studies on the distribution of contaminants in different body tissues and fetal tissues are required.
In conclusion, we believe that UC is the best sample to assess fetal contamination status of persistent chemicals. There is a possibility that assessment based on the contamination levels in CS result in an underestimation.
